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DESCRIPTION 

CIRCUIT ARRANGEMENT FOR A CAPACITIVE PROXIMITY SWITCH 
FIELD OF USE AND PRIOR ART 

[001] The invention relates to a circuit arrangement for a capacitive proximity 
switch. Particularly, this proximity switch is working according to the charge trans- 
fer principle. 

[002] Circuit arrangements of this type are known and have, for example in the 
case of US 5,973,417, a capacitive sensor element, whose capacitance changes 
as a function of its operating state. This capacitance change is evaluated in order 
to establish the operating state. For this purpose a charging voltage Is supplied to 
the sensor element, so that as a function of its capacitance and the charging volt- 
age, a specific electric charge is transferred to the sensor element. Following the 
charging time the sensor element is separated from the charging voltage and 
connected to a collecting or central capacitor, so that there is a charge transfer 
from the sensor element to the central capacitor. The charging and subsequent 
recharging process Is repeated for a predetermined number of cycles, so that the 
charging of the central capacitor reaches a specific value, which inter alia is de- 
termined by the sensor element capacitance value. The charging or resulting 
voltage of the central capacitor is consequently a measure of the sensor element 
capacitance to be measured. By evaluating the voltage of the central capacitor, 
conclusions can be drawn concerning the operating state of the proximity switch. 
Following voltage evaluation the central capacitor is discharged in a defined man- 
ner and a new measuring cycle can follow. 

[003] The switching processes are normally implemented by analog switches, 
which are relatively expensive. The sensor element can also only be discharged 
to the instantaneous voltage of the central capacitor, so that the transferable 
charge decreases with increasing central capacitor charging and consequently the 
signal resolution is reduced. 
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PROBLEM AND SOLUTION 



[004] The problem of the invention is to provide a circuit arrangement of the afo- 
rementioned type ensuring a reliable determination of the operating state of the 
proximity switch under all operating conditions, which is inexpensive to manufac- 
ture and insensitive to EMC and HF disturbances and interference. 

[005] The invention solves this problem by a circuit arrangement having the fea- 
tures of claim 1 . Advantageous and preferred developments of the invention form 
the subject matter of the further claims and will be further explained hereinafter. 
By express reference the wording of the claims is made into part of the content of 
the description. 

[006] The circuit arrangement according to the invention comprises a first control- 
lable connecting means which, as a function of a triggering signal, supplies a 
charging voltage to a capacitive sensor element, and a second controllable con- 
necting means which, as a function of the triggering signal, links the capacitive 
sensor element with a central capacitor for transferring the charge from the ca- 
pacitive sensor element to the central capacitor. The charging voltage is an AC 
voltage and the connecting means can be supplied with the AC voltage in such a 
way that in alternating manner the first or second connecting means are conduc- 
tive. The switching between a charging phase of the sensor element and the 
charge transfer phase takes place in the cycle of the AC voltage, so that there is 
no need for additional switching logics. Such a circuit arrangement is easy to 
construct, inexpensive to manufacture and insensitive to interference. 

[007] According to a further development of the circuit arrangement, the charging 
voltage is generated with the aid of a DC voltage source and a square-wave volt- 
age source with a common reference potential. Between a charging voltage node 
and the DC voltage source is looped in a clamping diode in the blocking direction 
and between the charging voltage node and the square-wave voltage source are 
looped in a capacitor and a resistor in series. As a result of such an arrangement 
it is possible to generate a square-wave charging voltage at the charging voltage 
node, which alternates between the potential of the DC voltage source and a total 



potential of the potentials of the DC voltage source and the "1" level or potential of 
the square-wave voltage in the cycle of the square-wave voltage source. This al- 
lows an approximately complete charging/discharging of the sensor element inde- 
pendently of the charging voltage or charging state of the central capacitor, which 
leads to a linear voltage rise at the central capacitor. This leads to a marked in- 
crease in the possible signal resolution. 

[008] According to a further development of the circuit arrangement, the first con- 
necting means is a diode and/or the second connecting means a bipolar transis- 
tor, particularly a pnp transistor. With the aid of this choice of connecting means it 
is easily and inexpensively possible to implement a switching function as a func- 
tion of the charging voltage, because the connecting means are conductive or 
non-conductive depending on the charging voltage. There is no need for expen- 
sive, sensitive analog switches. In addition, a basic capacitance typical for ca- 
pacitive sensor elements is largely compensated by the parasitic transistor capaci- 
tances, so that essentially only the capacitance change of the sensor element is 
detected. 

[009] According to a further development of the circuit arrangement, the base of 
the transistor and/or the anode of the diode is connected to the charging voltage 
node, the cathode of the diode and/or the emitter of the transistor is connected to 
a filter resistor, which is coupled to the capacitive sensor element, and the collec- 
tor of the transistor is connected to the central capacitor, whose other terminal is 
connected to a reference voltage. As a result of this wiring system, the diode/ 
transistor are alternately conductive as a function of the charging voltage and fur- 
ther control signals are unnecessary. The filter resistor makes the circuit ar- 
rangement insensitive to EMC and HF interference. 

[010] According to a further development of the circuit arrangement, a switch is 
connected in parallel to the central capacitor permitting a reliable discharging of 
said central capacitor prior to the start of a new measurement. Alternatively a sui- 
tably dimensioned resistor can be used. 



[01 1] According to a further development of the circuit arrangennent, the latter has 
several capacitive sensor elements, with each of which is associated a first and a 
second connecting means and a single central capacitor, which is connected to 
the particular second connecting means via in each case a decoupling diode in 
the conducting direction, the anode of the decoupling diode being connected by a 
selection diode in the conducting direction to a particular selection signal. It is 
possible with the aid of such a circuit arrangement to evaluate the operating state 
of several proximity switches in multiplex operation. The choice of the corre- 
sponding proximity switch takes place through the selection signal by which the 
charge transfer from the selected sensor element to the single central capacitor is 
released. The charge of the unselected sensor elements flows away across the 
particular selection diode. The charging voltage can be made centrally available. 

[012] According to a further development of the circuit arrangement, the capaci- 
tive sensor element is constructed to be applied to an underside of a surface or 
cover having dielectric characteristics and preferably has a smooth, planar surface 
for engagement purposes. 

[013] According to a further development of the circuit arrangement, the capaci- 
tive sensor element is a voluminous, elastic, preferably elongated body made from 
electrically conductive material. Such a sensor element is for example described 
in US 5,917,165, whose content is, by express reference, made into part of that of 
the present description. 

[014] These and further features can be gathered from the claims, description 
and drawings and the individual features, either singly or in the form of subcombi- 
nations, can be implemented in an embodiment of the invention and in other fields 
and can represent advantageous, independently protectable constructions for 
which protection is claimed here. The subdivision of the application into individual 
sections and the subheadings in no way restricts the general validity of the state- 
ments made thereunder. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[015] Advantageous embodiments of the invention are diagrammatically shown in 
the following drawings, wherein represent: 

Fig. 1 A circuit diagram of a circuit arrangement for capacitive proximity 
switches for the determination of their operating state. 

Fig. 2 A graph of the voltage curve of an AC voltage source U2 of fig. 1 and 
a charging voltage at a charging voltage node N1 of fig. 1. 

Fig. 3 A graph of the voltage curve at a central capacitor C2 of fig. 1 as a 
function of the operating state of a proximity switch. 

Fig. 4 A circuit diagram of a circuit arrangement with several capacitive sen- 
sor elements. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[016] Fig. 1 is a diagram of a circuit arrangement for capacitive proximity switches 
for the determination of their operating state. The circuit arrangement comprises 
a DC voltage source U1 and a square-wave voltage source U2 with a common 
reference potential, for example earth, and between the charging voltage node N1 
to which a charging voltage is applied and the DC voltage source U1 is looped a 
clamping diode 1 in the non-conducting direction and between the charging volt- 
age node N1 and square-wave voltage source U1 are looped in a capacitor CI 
and a resistor R1 in series. In conjunction with the capacitor CI, the clamping di- 
ode D1 brings about a raising of the voltage at node N1 outputted by the square- 
wave voltage source U1 by the amount of the voltage of said source. Fig, 2 
shows this in a graph of the voltage curve of the AC voltage source U2 and the 
charging voltage U3 at the charging voltage node N1 over time. 

[017] There is also a first switching means in the form of a diode D2 and a second 
switching means in the form of a pnp transistor T1 . The base of the transistor T1 
and the anode of diode D2 are connected to the charging voltage node N1 . The 
cathode of diode D2 and the emitter of transistor T1 are connected to a filter resis- 



tor R2, which is coupled to the capacitive sensor element C3, and the collector of 
transistor T1 is connected to a collecting or central capacitor C2, whose other 
terminal is connected to the reference potential. 

[018] A capacitor C4 represents a substantially constant basic capacitance of the 
sensor element C3. A switch S1 is connected in parallel to the central capacitor 
C2 and is closed as from the start of the measurement and consequently said ca- 
pacitor is completely discharged. If the voltage curve at this central capacitor is 
evaluated by a microcontroller, it can discharge the central capacitor C2 prior to 
the start of the measurement if the corresponding input is briefly switched to the 
reference potential. There is no switch S1 in this case. The capacitive sensor 
element C3 is for example applied to an underside of a surface or cover having 
dielectric characteristics. 

[019] The diode D2 and base of transistor T1 are supplied with the charging volt- 
age U3, so that in alternating manner diode D2 or transistor T1 is conductive. If 
the charging voltage U3 has its higher value diode D2 becomes conductive, so 
that the capacitance of the sensor element C3 is charged roughly to the amount of 
the charging voltage. In this case the transistor is blocked, because its base- 
emitter voltage is positive. If the charging voltage U3 drops to its lower value, the 
diode D2 is blocked and the base-emitter junction becomes conductive, i.e. the 
transistor T1 switches through. Consequently the charge of the sensor element 
C3 is recharged or transferred to the central capacitor. The parasitic transistor 
capacitances of transistor T1 compensate part of the basic capacitance C4 of 
sensor element C3, so that essentially only the capacitance change of the sensor 
element C3 is detected. 

[020] The recharged charge quantity is determined by the sensor element capaci- 
tance C3 to be established. On operating the proximity switch the capacitance C3 
rises, so that the voltage rises more rapidly at the central capacitor. 

[021] Fig. 3 is a graph of the voltage curve at the central capacitor C2 as a func- 
tion of the operating state of the proximity switch over time. When the proximity 
switch is not operated, there is a sawtooth-shaped voltage configuration between 
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the reference voltage and a first ramp voltage UR1 . In a period between times t1 
and t2 with the proximity switch operated, at time t1 the ramp rise increases 
sharply and the voltage at central capacitor C2 rises to a ramp voltage UR3. The 
following measuring cycles take place up to time t2 with a considerable ramp rise, 
so that in each case a ramp voltage UR2 is reached. The ranip voltage reached 
consequently indicates the operating state of the proximity switch and can be eva- 
luated by a not shown unit, for example a microcontroller. 

[022] Fig, 4 shows a diagram of a circuit arrangement with three capacitive sen- 
sor elements C3, with each of which is associated as connecting means a diode 
D2 and a transistor T1 . The switching part for generating the charging voltage 
comprising the voltage sources U1, U2, the clamping diode D1, the capacitor C1 
and the resistor R1 are only present once and supply the particular connecting 
means with the charging voltage U3. The central capacitor C2 is also only pre- 
sent once. The diodes D3, D4, which are connected to the collector of transistor 
T2, are used for mutual coupling purposes. The choice of a proximity switch to be 
measured takes place with the aid of the corresponding selection signal SL1, SL2 
or SL3. The selection signal SL of the selected proximity switch carries a voltage 
higher than the maximum ramp voltage which occurs and the selection signal of 
the non-selected proximity switch carries the reference voltage. The charging of 
the unselected sensor element flows away across the particular diode D3, 
whereas the charge of the selected sensor element is transferred across the cor- 
responding diode D4 into central capacitor C2. 

[023] The circuit arrangements shown permit the reliable determination of the op- 
erating state of the proximity switch or switches under all operating conditions, can 
be inexpensively manufactured and are insensitive to EMC and HF interference. 



